ABSTRACT Ending the West Africa Ebola virus disease (EVD) outbreak required an unprecedented international response. For the United States, participation in the international response to the West Africa EVD outbreak provided an opportunity to learn important lessons in four key domains critical to preparing for future outbreaks of EVD and other serious communicable diseases: (i) safe and effective patient care, (ii) the role of experimental therapeutics and vaccines, (iii) infection control, and (iv) hospital and community preparedness.
INTRODUCTION
The largest and deadliest outbreak of Ebola virus disease (EVD) began on 2 December 2013 when a 2-year-old child developed an illness characterized by fever, black stools, and vomiting in a town called Meliandou, Guinea-a remote and sparsely populated village of 31 households approximately 20 miles from the borders of Liberia and Sierra Leone (1) . The exact source of infection is unclear but likely involved contact with an infected animal. The child died on the 5th day of his illness (2) .
Over the next 3 weeks, the child's 3-year-old sister, mother, and grandmother also died. Two women from a nearby village attended the funeral of the child's grandmother; they died 3 weeks later. A midwife from the child's village was hospitalized and subsequently died. Two health care workers who worked at the hospital where the midwife was admitted also became ill and died. Multiple family members who attended the funerals of the health care workers also became ill and died (2) . By then, the illness, initially thought to be cholera, had spread to several surrounding districts as well as the capital of Guinea, Conakry-a city of 2 million people (1) .
By March 2014, cases were identified in neighboring Liberia, and the disease was identified as being caused by the Ebola virus. In April 2014, cases of EVD were identified in Sierra Leone. Guinea, Liberia, and Sierra Leone had previously never experienced an outbreak of EVD. All previous EVD outbreaks had occurred mostly in rural villages in the central African nations of the Democratic Republic of Congo, Sudan, Gabon, Uganda, and the Republic of the Congo. Prior to 2013, the largest documented EVD outbreak occurred in 2000-2001 in the Gulu District of Uganda and resulted in over 400 cases and over 200 deaths (3) . As of December 2015, the West Africa EVD outbreak has resulted in over 28,000 cases and over 11,000 deaths in Guinea, Liberia, and
SAFE AND EFFECTIVE PATIENT CARE
There are no specific therapies approved by the U.S. FDA for the treatment of EVD. Therefore, the primary treatment for EVD is supportive care, specifically fluid replacement and electrolyte management. Prior to the West Africa outbreak, the ability of health care workers to provide aggressive supportive care was often hampered by the resource limitations in many Central African Ebola treatment centers (5) . Oral rehydration, though readily available even in resource-limited settings, may have been inadequate given the severe fluid losses (5 to 10 liters per day) caused by EVD-associated gastroenteritis and the intractable nausea and vomiting that frequently accompanies this illness (6, 7) . Similarly, the ability to safely provide intravenous fluids for rehydration and correction of electrolyte abnormalities was often limited by inadequate staffing, limited supplies of intravenous fluids, and inadequate or unavailable laboratory testing (5). When laboratory testing was available, as during the 2000 outbreak of Sudan ebolavirus in Uganda, it demonstrated that renal failure, liver failure, hypocalcemia, hypoalbuminemia, and an elevated D-dimer were associated with increased mortality (8) .
The historic size of this West Africa EVD outbreak required an international response that resulted in both the construction of new Ebola treatment units in Guinea, Liberia, and Sierra Leone, as well as the treatment of 27 individuals in Western Europe and the United States. As a result, the ability of heath care workers to provide aggressive supportive care was enhanced. In Conakry, Guinea, aggressive supportive care may have contributed to a reduced case fatality rate compared to other more resource-limited areas of the country and compared to historical cohorts (6) . Among patients evacuated to Western Europe and the United States, the majority had significant electrolyte abnormalities (hyponatriemia, hypokalemia, hypocalcemia, and hypomagnesemia) diagnosed by laboratory monitoring. The patients received multiple different, sometimes overlapping, interventions including supportive care. The case-fatality proportion of patients treated in Western Europe and the United States was 18.5%, which is substantially lower than the mortality seen in West Africa Ebola Treatment Units ETUs (9) .
The treatment of EVD patients in resource-enhanced settings such as Western Europe and the United States also allowed patients with EVD-associated multiorgan system failure to receive, for the first time, advanced critical care interventions such as mechanical ventilation and renal replacement therapy (10) . Multiorgan system failure in EVD historically, and during the West Africa outbreak, has been associated with poor outcomes (11) . However, 11/27 patients treated in Western Europe and the United States required advanced critical care interventions (noninvasive mechanical ventilation, mechanical ventilation, vasopressor or inotropic support, and renal replacement therapy); 6 of the 11 survived (9). In addition, the experience of providing critical care support to patients with EVD demonstrated that invasive interventions such as mechanical ventilation and renal replacement therapy can be performed safely if performed by trained health care workers who strictly adhere to infection control practices (10) .
The clinical care of patients with EVD does not end with the resolution of viremia. EVD survivors can develop a diverse array of complications during convalescence. Survivors of the 2007 outbreak of Bundibugyo ebolavirus in Uganda developed joint pain, sleep disturbances, and neurological abnormalities including hearing loss, memory loss, and confusion. In addition, ocular complaints including retro-orbital pain and blurred vision were common (12) . Ocular complaints including sight-threatening uveitis have also been described in survivors of the 1995 outbreak of Zaire ebolavirus in Kikwit, Democratic Republic of Congo (13) . In a small survey of 85 EVD survivors of the West Africa outbreak, 40% of participants reported "eye problems" (14) . During the current outbreak, one survivor developed severe uveitis during convalescence, and viable Ebola virus was isolated from his anterior eye chamber 9 weeks after clearance of viremia (15) .
The pathogenesis of complications that occur during EVD convalescence is unclear but may be multifactorial. It has been hypothesized that some of the complications may be related to postviral autoimmune disease (12) . It has also been postulated that complications may be from persistent viral replication in immune-privileged sites (15) . Persistent viable Ebola virus has been isolated from semen and aqueous humor of EVD survivors (15, 16) . In addition, one survivor developed meningoencephalitis 10 months after she had cleared her viremia, and Ebola virus was isolated from her cerebrospinal fluid (17) . It is unclear whether Ebola virus persists in other bodily fluids or tissues that are thought to be immune-privileged (e.g., synovial fluid). Prospective cohort studies are underway in West Africa that will hopefully elucidate the causes of complications that occur in EVD survivors during convalescence.
ROLE OF EXPERIMENTAL THERAPEUTICS
While the key to surviving EVD is aggressive supportive care, it is possible that the discovery of effective therapeutic agents may improve patient outcomes. Unfortunately, disproportionate media attention to unproven therapeutics during the recent Ebola outbreak led to unrealistic expectations and the almost universal compassionate use of experimental therapeutics in patients repatriated to resource-rich centers. Of the 27 patients treated in resource-rich centers, 70% received at least two investigational therapeutics (9) , despite the fact that none had human efficacy or safety data; patients experienced a wide range of possible adverse effects. These adverse effects included systemic inflammatory response syndrome, hypotension, elevated transaminase levels, and transfusion-associated acute lung injury. It is of interest to note that two of the agents that were felt to be the most promising at the beginning of the outbreak were ultimately found to offer no survival benefits (see below). The use of therapeutics and vaccines in resourcelimited environments will face a number of challenges, including supply and distribution uncertainty, administration difficulties with agents that must be given parenterally or intravenously, and the difficulties of utilizing oral agents in patients with intractable nausea and emesis (18). Above all, it is imperative that the search for a "magic bullet" not detract from a focus on supplying aggressive supportive care to all patients presenting with Ebola virus infection.
Therapeutics currently considered the best candidates for efficacy in patients infected with the Ebola virus fall into two categories: those that boost passive immunity and pharmaceutical antivirals. Recovery from EVD is associated with the production of antibody against the virus (19, 20) . It has therefore been hypothesized that boosting passive immunity until the host can produce antibody may be of benefit. In a prior outbreak in 1995, eight patients with Ebola virus infection were given whole blood from outbreak survivors (21) . Seven of the eight patients survived, for a mortality rate of 12.5%, which compared with a mortality rate of 80% in patients who did not receive such transfusions. However, due to the small numbers and other confounding factors, this survival difference was not felt to be definitive evidence of efficacy (22) . Studies of convalescent serum in nonhuman primates have been inconclusive. While the administration of convalescent whole blood transfusion to rhesus macaques was not found to be protective (23) , infected rhesus macaques who received multiple administrations of purified, polyclonal, speciesmatched IgG from vaccinated animals did appear to be protected (22) . In addition to the use of convalescent antibodies, pooled antibodies produced in vitro have been studied. ZMapp, a combination of three chimeric human/murine IgG1 monoclonal antibodies produced by a tobacco plant (Nicotiana benthamiana) has recently been developed (24) . In a nonhuman primate trial, ZMapp was 100% protective against Ebola virus infection even when administered 5 days after the animals were infected. While anecdotal evidence supports the efficacy of this preparation in a few of the patients who survived the current outbreak (25) , no randomized controlled studies have been completed to date. A definitive answer as to the role of passive immunity in treating patients with EVD will await more robust trials in humans.
Pharmaceutical antivirals directed against the Ebola virus have fallen into two categories: (i) small-molecule inhibitors of virus entry and endosomal escape and (ii) compounds that block viral replication. In the first category is a product called TKM-100802, a small interfering ribonucleic acid that silences RNA replication by enzymatic cleavage of mRNA. TKM-100802 targets the L polymerase and viral protein VP24 and VP35 (26) . In both guinea pig and nonhuman primate challenge studies, this agent was found to offer protection (27, 28) . Unfortunately, in one of the few randomized controlled trials in humans to be performed during the current outbreak, this agent was not found to offer a survival advantage in humans, and the trial was halted (29) . Favipiravir, a broad-spectrum antiviral that inhibits RNA-dependent RNA polymerase, also showed promise in initial animal studies but again was not found to offer a survival advantage in a randomized trial involving humans. However, a post hoc analysis did suggest that favipiravir might be of benefit in patients presenting early in disease with lower viral loads (30) . Other agents that have shown promise in in vitro or animal studies include GS-5734, BCX4430, and AVI7537 (18, 26). Because these agents have not been evaluated in randomized human trials, their efficacy in humans is yet to be determined.
VACCINES
The high mortality rate associated with Ebola virus infection has added urgency to the search for effective vaccines. Practical difficulties in performing controlled clinical trials for Ebola vaccines are that Ebola outbreaks tend to be unpredictable and sporadic, and the ethical concerns about using a placebo control in the face of exposure to a highly lethal disease. In 2002, the FDA promulgated the "animal rule" as an alternative pathway to license products against highly lethal pathogens such as Ebola (31) . The animal rule has four conditions: (i) animal efficacy data (good laboratory practice), (ii) immune correlate establishment and protection in animals, (iii) human safety and immunogenicity data (good clinical practice), and (iv) induction of an immune correlate in humans. It is anticipated that an effective vaccine will need to elicit both humoral and cell-mediated immunity against the Ebola virus. Vaccines for pre-exposure (no identified exposure to the virus) and postexposure (identified exposure to the virus) have slightly different requirements. A vaccine for pre-exposure use would optimally induce protection after one, or at most two, vaccinations. It should protect against multiple strains of the Ebola virus and should have minimal adverse effects. A vaccine for postexposure use should produce rapid induction of immunity. For all vaccines, ability to tolerate suboptimal storage conditions will be important, given the supply chain issues in most parts of the world where the Ebola virus is endemic.
Attenuated and inactivated vaccines have not shown protection in nonhuman primate studies (32) , and there have been safety concerns due to the risk of incomplete inactivation. Genetic and subunit vaccines have resulted in incomplete protection (33, 34) . The leading candidate vaccines at the present time are vector-based: a live, recombinant vesicular stomatitis virus (VSV) vaccine and a replication-incompetent adenoviral vector vaccine. Both of these vaccines promote immunity to the Ebola virus glycoprotein. The Ebola virus glycoprotein is responsible for attachment and fusion between the viral and host membranes and produces inhibition of host immune responses. In nonhuman primate models, an antiglycoprotein antibody level of 1:3,700 and above allows the animal to survive subsequent lethal challenges with Ebola virus. The VSV vaccine encodes for the Ebola glycoprotein instead of the VSV glycoprotein. The immunity produced by this vaccine is primarily humoral. In nonhuman primates, one dose of vaccine induces immunity and is 100% protective at 14 months (35) . Because the vaccine virus is capable of replication, the majority of volunteers exhibit some adverse events: 90% reported systemic symptoms, including fever, chills, myalgia, and headache (36) . Pre-exposure studies with this vaccine are limited. In one postexposure study, 7,651 individuals in Guinea who were contacts of patients with laboratory-confirmed EVD were vaccinated either immediately or 21 days following exposure. In the immediate vaccination group there were no cases of EVD with symptom onset at least 10 days after randomization, whereas in the delayed vaccination group there were 16 cases of EVD from 7 clusters, showing a vaccine efficacy of 100% (37) .
The adenovirus vaccine encodes for the Ebola glycoprotein of two Ebola strains: Zaire and Sudan. Unlike the VSV vaccine, it promotes cellular as well as humoral immunity (38) . Because pre-existing immunity to the adenovirus is more common than immunity to VSV, alternative immunization strategies such as multiple doses must be utilized. In human volunteers, minor adverse reactions were seen in 70% (fever and transient leukopenia) (39) . Human trials in endemic areas are planned.
INFECTION CONTROL
Prior to the West Africa EVD outbreak, there were relatively limited data in the medical literature to help guide infection control practices when caring for patients with EVD in the United States. The literature that was available was based on the experience of caring for patients with EVD in central Africa-a setting markedly different from modern hospitals in the United States (40) . As of December 2015, 11 patients with EVD have been treated in the United States; 10 of the 11 patients were treated in specialized biocontainment patient care units at Emory University Hospital, the University of Nebraska Medical Center, and the National Institutes of Health Clinical Center. The 11th was cared for in an isolation unit developed in Bellevue Hospital Center. In these settings, key lessons were learned to guide infection control policies and procedures to safely care for patients with EVD and other serious communicable diseases.
Although biocontainment patient care units are not required to treat a patient with EVD (41), specific features in the design of these facilities make them ideal environments to effectively treat patients with serious communicable diseases while minimizing the risk of transmission to health care workers, other patients, and the public (42) . In biocontainment patient care units, including the Serious Communicable Diseases Unit (SCDU) at Emory University Hospital (see Fig. 1 ), individual patient care rooms are designed to deliver a level of care equivalent to that of a standard ICU, allowing health care workers to provide aggressive supportive care to patients who may be critically ill. To maintain staff safety, the SCDU includes dedicated space for staff changing areas and to store personal protective equipment (PPE). Patient care rooms are constructed with seamless surfaces for walls and floors to facilitate effective surface disinfection. To maintain the safety of other hospitalized patients and health care workers, the SCDU is located in a secured area of Emory University Hospital that is separate from other patient care areas. All entrances and exits in the SCDU are continuously monitored and limited to health care workers and other individuals authorized to be in the unit (43) .
The SCDU is also designed to safely care for patients with diseases that, unlike Ebola, can be spread through the airborne route. Specifically, air in the patients' rooms is under net negative pressure relative to the surrounding areas. Air in the patient rooms has laminar air flow across the patient bed, and all air from the patient rooms undergoes high-efficiency particulate air filtration before being 100% exhausted to the outside. The outside exhaust is geographically separate from any hospital air intake locations and is high enough to allow for dilutional disbursement (43) .
Independent of the specific design features of the treatment facility, the West African EVD outbreak clearly demonstrated that establishing a trained, competent, interdisciplinary team of providers and emphasizing a culture of safety are critical to effectively care for patients with EVD (44, 45) . To staff the SCDU, a core team of nurses, physicians, and other health care workers with expertise in infectious diseases, critical care, and an expressed interest in caring for patients with serious communicable diseases were identified. To be part of the team, all providers were required to demonstrate a commitment to practice and promote a "culture of safety." In a culture of safety, all team members commit to strictly adhere to safe and effective practices outlined in standard operating protocols and are empowered to ask questions and voice concerns as they arise. Team members were also required to meet the following criteria: (i) participate in regularly scheduled drill exercises and (ii) demonstrate competency in infection control practices with specific emphasis on protocols for donning and doffing PPE, specimen handling, and waste management (43) . Providers who were unable to demonstrate these competencies were not permitted to provide direct patient care to patients with EVD. Drills, training sessions, and competency verification are performed every 3 to 6 months.
The selection of appropriate PPE for the clinical care team is a critical step to maintaining staff safety when caring for a patient with EVD. The specific type of PPE used by health care workers caring for patients with EVD should include a coverall or surgical gowns with head cover that leave no skin exposed. An apron and shoe covers should be added when there is a high risk of exposure to infectious body fluids. At least two sets of gloves should be worn, including an outer glove that has extended cuffs. Although Ebola virus is not transmitted through the air, wearing a powered air purifying respirator or N-95 respirator together with a face shield protects the face and mucus membranes from exposure to infectious fluids and provides additional protection if aerosol-generating procedures are performed (46). Regardless of the specific type of PPE selected, it is imperative that PPE provide adequate protection but remain comfortable for health care workers. It is especially important that direct care providers receive adequate training and demonstrate competency in donning and doffing PPE. Inappropriate donning and doffing of PPE has been identified as a possible risk factor for EVD acquisition among health care workers (47) . Therefore, it is imperative that health care workers donning and doffing PPE should always be monitored by partners to ensure strict adherence to proper procedures.
In addition to the core group of nurses and physicians providing direct care to patients with EVD, laboratory technologists are critical members of the interdisciplinary team who need to maintain strict adherence to infection control practices. Patients with EVD have a high viral load that can reach levels of >10 8 viral particles/ml of body fluid. Ebola virus is highly infectious, with an infectious dose that has been estimated to be as low as 0.001 ml of blood (48) . As a result, it is critical that hospitals that care for patients with EVD develop detailed standard operating protocols to maintain safety during laboratory specimen collection, transport, and processing. Guidelines from the Centers for Disease Control and Prevention (CDC) state that hospital clinical laboratories can safely handle specimens from patients with EVD if risk mitigation strategies (engineering controls, administrative and work controls, use of appropriate PPE) are implemented (49). The American Society for Microbiology has, however, issued guidelines suggesting that specimens from patients with EVD should be limited to point-of-care testing equipment and performed either in the patient's room or in a biological safety cabinet in an isolated area (50) . The SCDU at Emory University Hospital established a self-contained point-of-care laboratory and processed all specimens within a 4-foot laminar flow biosafety containment hood (51) . All laboratory technologists involved in the transport and processing of specimens containing Ebola virus should receive PPE training and demonstrate competency in donning and doffing. Hospitals preparing to care for patients with EVD also require a multidisciplinary team to develop standard protocols for the management of regulated medical waste. This team should include environmental services, infection prevention and control, biosafety officers, hospital administration, public health officials, and others with expertise in hazardous waste removal. All waste from patients with EVD is disposed in compliance with local, state, and federal regulations. EVD patient care waste is defined and regulated by the U.S. Department of Transportation as a category A infectious substance. Therefore, all solid medical waste generated in the SCDU during the care of patients with EVD is sterilized in an autoclave that allows the waste to be transported and disposed of safely as regular medical waste. For units that do not have access to an autoclave, contractors who transport and dispose of category A waste have special procedures in place for the packaging of such waste. Although CDC guidelines state that liquid waste may be disposed of without treatment into sanitary sewers, local waste treatment authorities may have different requirements (52). In the Emory University Hospital SCDU, a disinfectant was added to all liquid waste in accordance with manufacturers' directions prior to disposal in the sanitary sewer.
Because of the low infectious dose of Ebola virus, health care workers who care for patients with EVD must develop standard protocols to ensure that environmental surfaces in the direct patient care area, in the laboratory, and in the waste stream receive regular cleaning with an appropriate effective disinfectant. The U.S. Environmental Protection Agency (EPA) has identified EPA-registered disinfectants with a label claim of potency at least equivalent to that for a nonenveloped virus which meet CDC criteria for use against Ebola virus (53, 54). All disinfectants should be used by trained health care workers in accordance with manufacturers' instructions. Strict adherence to regular cleaning significantly reduces the risk of Ebola virus transmission from bodily fluids and fomites in the environment (40) . For terminal cleaning of the environment after discharge of a patient with EVD, it is essential that meticulous attention be paid to disinfection of all surfaces. Most units have followed this with a supplemental disinfection modality such as vaporized hydrogen peroxide or a UV generator (55) .
HOSPITAL AND COMMUNITY PREPAREDNESS FOR EMERGING INFECTIOUS DISEASES
One of the key lessons that the Ebola outbreak of 2013-2015 has taught us is that the United States and the world were ill prepared to address an outbreak of an emerging infectious disease (56) (57) (58) . This lesson was particularly jarring given that outbreaks of SARS (severe acute respiratory syndrome), H1N1 influenza, and MERS (Middle East respiratory syndrome) have marked the last decade. Partially due to this lack of preparation, the Ebola outbreak has dwarfed all other outbreaks of EVD in terms of number infected and mortality. On the international front, factors that have been identified as contributing to the unprecedented extent of this outbreak have been identified (Table 1) (58, 59) .
In addition to the lack of preparedness for isolating and managing infected patients, the delay in implementing research protocols to evaluate treatment algorithms, therapeutic agents, and vaccines means that many questions regarding these interventions will not be resolved prior to the next outbreak.
In response to this outbreak, many initiatives, both globally and in the United States, have begun. In the international arena, an independent, multinational Commission on a Global Health Risk Framework for the Future has been established to recommend a more effective global architecture for mitigating the threat of epidemic infectious diseases (57, 60) . The U.S. National Academy of Medicine is the secretariat for this commission. In addition, an independent panel convened by the WHO has proposed an agenda for change (Table 2) which has been largely accepted by WHO administration (61) .
The United States has also witnessed a marked increase in activities focused on emergency preparedness for emerging infectious diseases. In 2015 Congress appropriated $5.48 billion to the effort to control Ebola virus infection (62) . These funds will be utilized to address a number of areas that require strengthening to improve the U.S. response to emerging infectious diseases. Under the Hospital Preparedness Program of the Assistant Secretary for Preparedness and Response, funding was distributed to the states and to other grantees to enhance state, local, and health care system preparedness. These funds were also designed to create one regional Ebola and other special pathogen treatment center in each of the 10 Health and Human Services regions (63) . In addition, the Centers for Disease Control and Prevention has developed a tiered approach to manage patients with possible or confirmed EVD or The implementation of travel bans and other measures that interfered with the response to the outbreak Delays in the declaration of a public health emergency of international concern (PHEIC) by the WHO Lack of familiarity with Ebola by health care providers and public health officials in West Africa The unique introduction of Ebola into an urban setting for the first time as opposed to rural villages Poor public health infrastructure due to years of civil war A severe shortage of health care workers exacerbated by the many health care workers who became infected with the Ebola virus early in the outbreak Closure of health care facilities and departure of foreign health care workers due to perceived danger as the outbreak peaked High-risk funeral and burial practices in West African countries Community resistance due to suspicion of the government and lack of familiarity with Ebola infections caused by other serious communicable pathogens (41) . Under this strategy, acute health care facilities can serve one of three roles: frontline health care facility, Ebola assessment hospital, or Ebola treatment center. Frontline health care facilities should, in coordination with local and state health authorities, be able to rapidly identify and triage patients who are suspected of being infected with the Ebola virus. Ebola assessment hospitals are facilities prepared to receive and isolate suspect patients and care for the patient until a diagnosis of EVD can be confirmed or ruled out and until discharge or transfer is completed. Ebola treatment centers are facilities that plan to care for and manage a patient with confirmed EVD for the duration of the patient's illness. As the Ebola virus outbreak in West Africa is contained, the focus of this network should gradually shift to other serious communicable diseases, although exactly what these infectious diseases should be is yet to be resolved. The Assistant Secretary for Preparedness and Response has also funded the National Ebola Training and Education Center to develop a robust educational program to improve infectious disease emergency preparedness in the United States. The National Ebola Training and Education Center will be using a multipronged approach including site visits for regional Ebola treatment units, establishment of a web-based learning management system, development of exercise templates for entities to test their state of preparedness, and a research agenda to answer some of the fundamental questions regarding the treatment of patients with EVD and other serious communicable pathogens. The goal of the site visits and exercises is to demonstrate that an institution-wide approach is essential when it comes to managing patients with serious communicable diseases. Areas of preparedness that will receive targeted attention are listed in (Table 3) . One of the most challenging areas for many facilities is to develop a laboratory that can safely evaluate patients for serious communicable pathogens in a timely manner while at the same time testing for other, more common, rapidly fatal diseases such as malaria and typhoid fever.
CONCLUSIONS
The EVD outbreak that began in Guinea in December 2013 has been the largest and deadliest EVD outbreak in human history. The outbreak cruelly demonstrated the significant degree to which developing nations, like those in West Africa, are vulnerable to serious morbidity and mortality caused by the rapid spread of serious communicable diseases like EVD. Paradoxically, the outbreak has also resulted in the largest number of EVD survivors in history. Therefore, it is critical that the unprecedented international response that helped end the EVD outbreak be sustained to build the infrastructure of vulnerable developing nations. Building and maintaining adequate health care infrastructure will be critical to manage the prevalent and poorly understood complications that can occur in EVD survivors as well as to prevent future outbreaks.
The West African EVD outbreak also demonstrated again that emerging infectious diseases have no borders. As such, it is imperative that developed nations with advanced health care systems, such as the United States, identify lessons that can be learned from the West African EVD outbreak. Specifically, the key lessons learned in the four domains discussed in this article (safe and effective patient care, experimental therapeutics and vaccines, infection control, and hospital and community preparedness) will hopefully help both the United States and the international community more effectively respond to future outbreaks of EVD and other emerging serious communicable diseases in the future. (61) Strengthen the international health regulations Identify addition resources to support public health infrastructure in member states Implement objective measures to assess core capacities of member states Alter the WHO structure and culture to improve emergency preparedness and response capacity Develop a global health emergency workforce to respond to outbreaks and emergencies with health consequences Improve integration of health security and humanitarian systems Develop a unified WHO program for outbreaks and emergencies Develop an "R and D blueprint" to accelerate research and development on diagnostics, vaccines, and therapeutics during outbreaks and health emergencies Establish a WHO contingency fund for emergencies to establish adequate international financing for pandemics and other health emergencies
